Introduction {#sec1-0300060517716343}
============

Antimicrobial resistance is the ability of a microorganism (e.g., bacteria, viruses, and some parasites) to stop an antimicrobial (e.g., antibiotics, antivirals, and antimalarials) from working against it. As a result, standard treatments become ineffective, infections persist, and infections may become severe and can also spread to others.^[@bibr1-0300060517716343]^ Antimicrobial resistance is an internationally documented threat to health.^[@bibr2-0300060517716343]^ Bacterial infections that are resistant to antibiotics can limit the availability of effective treatment options, rendering some commonly encountered bacterial infections challenging to treat.^[@bibr3-0300060517716343]^ Antibiotic-resistant infections are also twice as likely to be associated with greater morbidity and mortality and are associated with increased healthcare costs.^[@bibr4-0300060517716343]^ Antibiotics are a keystone for treating bacterial infections and children receive these drugs more frequently than any other class of medication. However, inappropriate and unnecessary use of antibiotics in the past decades has increased the emergence of resistant bacterial strains.^[@bibr5-0300060517716343]^ Children receive a lot of primary healthcare services, and as such, receive an excessively high number of antibiotics compared with middle-aged populations.^[@bibr6-0300060517716343]^ Children are also major drivers of infection within communities and can contribute to the spread of bacteria from person to person.^[@bibr7-0300060517716343]^ Nearly 80% of childhood cases of urinary tract infection in poorer countries are resistant to amoxicillin, and 60% are resistant to co-amoxiclav. More than a quarter of children are resistant to ciprofloxacin (Cipro), and 17% to nitrofurantoin.^[@bibr8-0300060517716343]^ All of the above-mentioned factors require clinicians to be responsible for a correct diagnosis and treatment for affected children as soon as possible to avoid unnecessary disability and death. Despite this, little research has been published describing the microbial spectrum and antimicrobial resistance profile of bacteria from paediatric patients in China. Therefore, an understanding of the pathogens and antibiotic resistance associated with paediatric infections at our hospital and in nearby regions is necessary. In this study, we selected clinical data from patients who were admitted to the Paediatric Department during January 2011 to December 2015 for retrospective analysis of the distribution of bacterial species and changes in drug resistance. This study aimed to determine the profile and susceptibility patterns of bacterial pathogens associated with infections in paediatric patients during 5 years.

Materials and methods {#sec2-0300060517716343}
=====================

Source of strains {#sec3-0300060517716343}
-----------------

Pathogens were isolated from specimens that were collected from all children who were admitted to Shenmu Hospital during January 2011 to December 2015. A total of 573 strains were isolated from 419 male patients and 154 female patients.

Ethics statement {#sec4-0300060517716343}
----------------

Non-routine procedures were used, and only data regarding the results from culture and sensitivity of specimens were analysed retrospectively. Therefore, no consent was required from the patients' caregivers.

Bacteriological identification {#sec5-0300060517716343}
------------------------------

Isolation and culture of bacteria were carried out according to the "National Clinical Practice Guidelines".^[@bibr9-0300060517716343]^ Bacteria were identified by the automatic bacteria analyser VITEK - 2 identification system and a manual method.

Drug sensitivity test {#sec6-0300060517716343}
---------------------

The fully automatic bacterial identification instrument VITEK - 2 MIC and the K-B (Kirby Bauer) Paper Slice diffusion method were used to test drug sensitivity. Antimicrobial impregnated absorbent paper discs were provided by Oxoid Company (UK) and Kangtai Company (China). Test methods and criteria were performed according to the latest standards of the American CLSI (Clinical & Laboratory Standards Institute) Standards.^[@bibr10-0300060517716343]^ The choice of antimicrobials was as follows: penicillin (10 U), ampicillin (10 µg), piperacillin (100 µg), oxacillin (1 µg), ampicillin/sulbactam (10 µg/10 µg), amoxicillin (20 µg/10 µg), cefoperazone/sulbactam (75 µg/30µg), cefazolin (30 µg), cefuroxime (30 µg), cefotaxime (30 µg), amikacin (30 µg), gentamicin (10 µg), a high concentration of gentamicin (120 µg), ciprofloxacin (5 µg), vancomycin (30 µg), erythromycin (15 µg), clindamycin (15 µg), meropenem (10 µg), imipenem (10 µg), sulfamethoxazole/trimethoprim (1.25 µg/23.75 µg), and aztreonam (30 µg). Mueller--Hinton medium was used for drug sensitivity tests. M-H agar, supplemented with 5% defibrinated sheep blood, was used for determining sensitivities of *Streptococcus pneumoniae*, *Streptococcus pyogenes* and other streptococcus spp. Haemophilus spp. were used to supplement the basic medium for culture of *Haemophilus influenzae*. The above-mentioned antimicrobial sensitivity paper discs and culture medium were provided by Oxoid and Kang Tai Companies.

Extended-spectrum beta-lactamase strains were confirmed by the double-disc method. The antimicrobials used were cefotaxime/clavulanic acid (30 µg/10 µg) and ceftazidime/clavulanic acid (30 µg/10 µg), both provided by Oxoid Company.

Quality control strains {#sec7-0300060517716343}
-----------------------

*Escherichia coli* ATCC25922, *Staphylococcus aureus* ATCC29213, and *Pseudomonas aeruginosa* ATCC27853 were purchased from the Shaanxi Provincial Clinical Laboratory.

Statistical analysis {#sec8-0300060517716343}
--------------------

VITEK - 2 identification system software was used for analysis and processing of all of the original test data. IBM Statistics SPSS 21 Premium (Chicago, IL, USA) and GraphPad Prism 6 (La Jolla, CA, USA) statistical analysis software were used for the statistical analysis.

Results {#sec9-0300060517716343}
=======

Distribution of specimens and strains {#sec10-0300060517716343}
-------------------------------------

During January 2011 to December 2015, 573 strains of pathogens were isolated from 73.2% (419) male patients and 26.8% (154) female patients. The Fisher--Irwin test showed a significant difference in the number of isolated strains between sexes (χ^2 ^= 246.514, P \< 0.0001). When we divided the time period into three quantum zones, spanning 20 months each, we found that the portion of male children steadily increased over time (Kruskal--Wallis χ^2 ^= 25.20, P \< 0.01). A total of 73 (12.8%) children were aged less than 28 days, 254 (44.4%) were between 29 days and 1 year, 124 (21.6%) were between 1 and 3 years, 67 (11.7%) were between 3 and 6 years, and 55 (9.6%) were older than 6 years. The average length of stay in hospital was 6 days and the mean ± standard deviation was 7.8 ± 4.0 days ([Table 1](#table1-0300060517716343){ref-type="table"}). Table 1.Demographic representation of the isolated pathogens.Jan 2011 to Aug 2012Sept 2012 to April 2014May 2014 to Dec 2015TotalChildren, n (%)82 (14.3)194 (33.8)297 (51.8)573 (100)Males, n (%)58 (70.7)140 (72.3)221 (74.5)419 (73.2)\*Age group, n (%) Age ≤ 28 days7 (8.5)21 (10.7)45 (15.2)73 (12.8) 29 days to 1 year31 (38.0)95 (48.5)128 (43.4)254 (44.4) 1 to 3 years16 (19.1)37 (18.9)71 (24.1)124 (21.6) 3 to 6 years13 (15.8)21 (11.0)33 (11.0)67 (11.7)  \>6 years15 (18.8)21 (10.8)19 (6.1)55 (9.6)Hospital stay (days) Median (interquartile range)6 (7--9)5 (7--8)5 (7--8)6 (4--8) Mean ± standard deviation(7.8 ± 4.0)(7.2 ± 3.5)(2.5 ± 3.2)(6.8 ± 3.8)[^1][^2]

The distribution of pathogens included 285 respiratory specimens, 68 blood specimens, 26 cerebrospinal fluid specimens, 24 urine specimens, and 11 faecal specimens ([Table 2](#table2-0300060517716343){ref-type="table"}). A total of 201 (35.07%) strains of Gram-positive cocci and 183 (31.93 %) strains of Gram-negative cocci were detected. The main five bacteria were *Escherichia coli* (9.94%), *Klebsiella pneumoniae* (7.32%), coagulase-negative staphylococci (9.94%), *Staphylococcus aureus* (2.79%), and *Enterobacter cloacae* (2.79%). A total of 189 (32.98%) strains of fungi were detected. A significantly higher number of pathogens were isolated from respiratory secretion and blood compared with other types of secretions. The yearly (2011--2015) distribution ratio of pathogens is shown in [Table 3](#table3-0300060517716343){ref-type="table"}. The distribution of pathogens according to variety of specimens is shown in [Table 4](#table4-0300060517716343){ref-type="table"}. Table 2.Composition ratio of pathogen specimens.SpecimensStrains, n%Respiratory28549.80[\*](#table-fn3-0300060517716343){ref-type="table-fn"}Blood6811.90Cerebrospinal fluid264.50Urine244.20Faeces111.90Wound secretions142.40Eye exudates172.97Other12822.20Total573100.00[^3] Table 3.Yearly distribution of pathogens from 2011--2015.Pathogens20112012201320142015Strains, n%n%n%n%n%*Escherichia coli*63.7797.75119.091618.821516.30*Klebsiella pneumoniae*21.2586.891512.3978.231010.86Acinetobacter spp.10.6200.0021.6255.8844.34*Pseudomonas aeruginosa*31.8821.7243.3000.0033.26*Enterobacter cloacae*00.0021.7286.6133.5233.26*Staphylococcus aureus*42.5132.5800.0033.5266.52*Staphylococcus haemolyticus*31.8832.5875.7844.701010.86*Streptococcus pneumoniae*21.2500.0032.4722.3522.17*Streptococcus pyogenes*00.0010.8643.3011.1755.43Other Streptococcus138.1732.583428.091214.1199.78Enterococcus53.1410.8643.3044.7033.26Yeast-like fungi4125.784337.0600.0000.0000.00*Candida albicans*6641.501916.3754.13724.70815.22Others, including CoNS and non-fermenting bacteria138.172218.962449.832124.701415.22Total1591001161001211008510092100[^4] Table 4.Distribution of various common pathogens in specimens.PathogensTotal nRespiratory tract n (%)Urine n (%)Blood n (%)CSF n (%)Stool n (%)Others n (%)*Escherichia coli*5729 (50.8)8 (14.0)10 (17.5)2 (3.5)3 (5.2)5 (8.7)*Klebsiella pneumoniae*4232 (76.2)1 (2.3)4 (9.5)--3 (7.1)2 (4.7)Acinetobacter spp.1210 (83.3)--1 (8.3)----1 (8.3)*Pseudomonas aeruginosa*126 (50)--2 (16.6)----4 (33.3)*Enterobacter cloacae*1614 (87.5)------2 (12.5)--*Staphylococcus aureus*165 (31.2)--3 (18.7)----8 (50)CoNS308 (26.6)2 (6.6)9 (30)7 (23.3)--4 (13.3)*Staphylococcus haemolyticus*278 (29.5)5 (18.5)8 (29.6)----6 (22.2)*Streptococcus pneumoniae*94 (44.4)--1 (11.1)3 (33.3)--1 (11.1)*Streptococcus pyogenes*1110 (90.9)--------1 (9.1)Other streptococci7143 (60.5)--19 (26.7)----9 (12.6)Enterococcus174 (23.5)2 (11.7)5 (29.4)4 (23.5)--2 (11.7)Fungus (yeast-like fungi  + *Candida albicans*)18973 (38.6)----5 (2.6)1 (0.5)110 (58.2)Other non-fermenting bacteria2417 (70.8)3 (12.5)2 (8.3)--2 (8.3)--Others4022 (55)3 (7.5)4 (10)5 (12.5)--6 (15)Total57328524682611159Lower 95% CI of the mean8.515[\*](#table-fn5-0300060517716343){ref-type="table-fn"}0.2961.672[\*](#table-fn5-0300060517716343){ref-type="table-fn"}0.3850.089−4.709Upper 95% CI of the mean29.4842.9037.3943.0811.37725.909[^5][^6]

Drug-resistant rate {#sec11-0300060517716343}
-------------------

Among common Gram-positive bacteria, 16 strains of *Staphylococcus aureus* and 27 strains of *Staphylococcus haemolyticus* were isolated. The average resistance rate of *Staphylococcus aureus* and *Staphylococcus haemolyticus* against penicillin was 100%. Among macrolides, the resistance rate of erythromycin was \>80%, but no vancomycin-resistant staphylococci were found ([Table 5](#table5-0300060517716343){ref-type="table"}). Among Gram-negative bacilli*,* the *Escherichia coli* resistance rate for ampicillin and piperacillin was \>80% while its resistance rate against first, second, third, and fourth generation cephalosporins was nearly 70%. The *Pseudomonas aeruginosa* resistance rate to ampicillin was 100%. Additionally, except for the low resistance rate of *Pseudomonas aeruginosa* against the third generation cephalosporin ceftazidime and fourth generation cephalosporin cefepime, its resistance rate was higher than 90% against all other cephalosporins. The resistance rate of *Pseudomonas aeruginosa* to levofloxacin, gentamicin, amikacin, imipenem, and meropenem was \<10%, while its resistance to piperacillin/tazobactam was 30%. *Escherichia coli* was not resistant to imipenem and meropenem ([Table 6](#table6-0300060517716343){ref-type="table"}). Table 5.Resistance of Gram-positive bacteria to commonly used antimicrobial agents.*Staphylococcus aureus* (N~T~ = 16)*Staphylococcus haemolyticus* (N~T~ = 27)*Streptococcus pyogenes* (N~T~ = 11)*Streptococcus pneumoniae* (N~T~ = 9)AntibioticsN~A~R/R (%)N~A~R/R (%)N~A~R/R (%)N~A~R/R (%)Penicillin1510025100977.78633.33Erythromycin1681.252796.30111008100Clindamycin1681.252788.89887.5683.33Rifampicin1656.252777.78911.1150.00Vancomycin1610027100100.0070.00Tetracycline1580.002580.00--------Oxacillin1533.3325100--------Cefoxitin1127.2721100--------Linezolid140.0018100--------Cotrimoxazole1250.002520.00450.00----Nitrofurantoin160.00250.00--------Levofloxacin1625.002774.07714.2950.00Moxifloxacin156.672556.00--------Gentamicin1643.752785.19--------Piperacillin/tazobactam1020.0020100--------Cefuroxime--------933.33714.29[^7] Table 6.Resistance of Gram-negative bacteria to commonly used antimicrobial agents.*Escherichia coli* (N~T~ = 57)*Klebsiella pneumoniae* (N~T~ = 42)Acinetobacter spp. (N~T~ = 12)*Enterobacter cloacae* (N~T~ = 16)*Pseudomonas aeruginosa* (N~T~ = 12)Antibiotics used per specimenN~A~R/R (%)N~A~R/R (%)N~A~R/R (%)N~A~R/R (%)N~A~R/R (%)Levofloxacin4957.14375.41120.00140.00110.00Gentamicin5438.894235.71120.001414.29100.00Imipenem510.00380.00120.00140.00110.00Meropenem510.00427.14----140.00110.00Ampicillin4885.423897.3712100410011100Cefazolin5275.004261.9012100141001190.91Cefuroxime4875.003857.891291.671471.431190.91Ceftazidime4969.393852.63128.331435.71100.00Cefotaxime3672.222638.46101001010.005100Ceftriaxone5369.814257.141291.671435.711090.00Cefepime5267.314254.76120.001435.71110.00Amikacin484.17385.26----147.14110.00Piperacillin/tazobactam5437.04427.14128.331414.291030.00Aztreonam5366.044257.141291.671435.7150.00Nitrofurantoin508.003775.68121001485.711190.91Cefotetan4845.833826.321291.67141001190.91Piperacillin5084.003897.37128.331442.861127.27Cefoperazone/sulbactam5010.003811.23----8100----[^8]

Discussion {#sec12-0300060517716343}
==========

Shenmu City coal mining has resulted in serious smoky air pollution, rendering the air quality poor. This has caused an enormous increase in infections of the respiratory tract in hospitalized children.^[@bibr11-0300060517716343]^ There is an upward trend of yearly detection of pathogens, but the overall number of pathogens that are detected annually has decreased.^[@bibr12-0300060517716343]^

Our study showed that the main pathogens of paediatric infection were Gram-positive bacteria, accounting for 35.07%, while Gram-negative bacteria accounted for 31.93% and fungi accounted for 32.98%. These numbers of infected pathogens are consistent with most domestic reports.^[@bibr13-0300060517716343]^ The predominance of Gram-negative bacteria in hospital-acquired infections is probably due to the fact that patients are treated with antimicrobial agents before admission. Additionally, many individual clinics do not perform allergy tests, and thus use macrolides of which the main antimicrobial spectrum is of Gram-positive bacteria.^[@bibr14-0300060517716343]^ This results in a low detection rate of Gram-positive bacteria, while Gram-negative bacteria have become predominant in examinations of pathogens in hospitalized patients. Our study showed that detection of coagulase-negative staphylococci infection was highest among all hospital infections and its detection rate was much higher than that of other bacteria. This finding is in accordance with previous studies.^[@bibr15-0300060517716343]^ The pathogenicity of coagulase-negative staphylococci is less than that of *Staphylococcus aureus*. However, in the case of immunocompromised patients, infection may still occur, especially an increasingly growing resistance of these strains (e.g., methicillin-resistant coagulase-negative staphylococci), suggesting that coagulase-negative staphylococci is an important nosocomial infection pathogen.^[@bibr16-0300060517716343]^ Monitoring in children shows that 33.33% of *Streptococcus pneumoniae* is resistant to penicillin, while 100% of *Streptococcus pneumoniae* is sensitive to vancomycin and rifampicin, which has important implications for treating penicillin-resistant *Streptococcus pneumoniae*. Our 5-year study of paediatric infections also showed that the main five Gram-negative bacteria were *Escherichia coli*, *Klebsiella pneumoniae*, *Enterobacter cloacae*, *Acinetobacter baumannii*, and *Pseudomonas aeruginosa*. This finding is consistent with the international literature.^[@bibr17-0300060517716343],[@bibr18-0300060517716343]^ Among Gram-positive bacteria, *Staphylococcus haemolyticus* is the most common, followed by *Staphylococcus aureus*.^[@bibr19-0300060517716343]^ Fungal infection also affects a large proportion of children, with the main cause being *Candida albicans*.

Common Gram-negative bacilli show general resistance against ampicillin and piperacillin, while they also show cross resistance against aminoglycosides and fluoroquinolones. Because these two drugs show adverse reactions in children, their use in children is already limited.^[@bibr20-0300060517716343]^ Our study showed that sensitivity of *Escherichia coli* for amikacin, cefoperazone/sulbactam, and nitrofurantoin was \>90.0%. Sensitivity of *Klebsiella pneumoniae* to fluoroquinolones and amikacin was \>92.0%. Pseudomonas aeruginosa was 100% sensitive to ceftazidime, cefepime, amikacin, fluoroquinolone, and aztreonam. *Enterobacter cloacae* was also highly sensitive to fluoroquinolones, cefoperazone/sulbactam, cefotaxime, and amikacin. The resistance of Gram-negative bacilli to imipenem and meropenem is lower in Shenmu City than that of other regions in China,^[@bibr21-0300060517716343]^ which may be related to the strict control of antimicrobial drug use in our hospital.

Overall, the situation in Shenmu City regarding resistant paediatric pathogens is serious. There is an urgent need to strengthen monitoring of the distribution of pathogens and bacterial resistance. Strict implementation of antimicrobial management, and good use of consultation and an approval system resulting in the rational use of antibiotics are also required. At the same time, food and drug supervision agencies and health administrative departments should strengthen supervision of antimicrobial drug purchase and strictly supervise prescription drugs, especially in private clinics and drug retail outlets. Publicity on antibacterial drug health education should be increased through print and social media to avoid pre-hospital, non-prescription, irrational use of antibiotics. In short, prevention and control of bacterial drug resistance in standard paediatric treatment is an important task.
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[^1]: = Kruskal--Wallis χ^2 ^= 25.20, P \< 0.01.

[^2]: n = number.

[^3]: Fisher--Irwin test: χ^2 ^= 65.980, P \< 0.0001.

[^4]: CoNS = coagulase-negative staphylococci.

[^5]: Pathogens from respiratory secretion and blood showed a significant probability of isolation compared with pathogens extracted from other secretions.

[^6]: CSF = cerebrospinal fluid, CoNS = coagulase-negative staphylococci, CI = confidence interval.

[^7]: N~T~ = Total number of specimens isolated N~A~ = Number of specimens on which Antibiotic was applied R/R = Resistance rate = Number of resistant specimens / NA \*100

[^8]: N~T~ = Total number of specimens isolated N~A~ = Number of specimens on which Antibiotic was applied R/R = Resistance rate = Number of resistant specimens / NA \*100
